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1  | INTRODUC TION
There is growing recognition that indoor climate conditions in 
school environments are poor in many countries: classrooms are 
too crowded, ventilation is inadequate, and dampness and mold are 
commonplace.1-4 The World Health Organization has insisted that 
problems with schools’ indoor environments should be taken seri-
ously, because students spend many hours per day in these envi-
ronments.5 A large volume of literature has shown that poor indoor 
environments have especially adverse health effects on children, for 
example causing asthma.6-10
One relatively cheap way to track the quality of schools’ in-
door environments might be through questionnaires to students.11 
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Abstract
Moisture damage can influence the subjective assessment of indoor air quality (sub-
jective IAQ) in various ways. We studied whether the frequency of symptoms re-
ported across students at school level mediates the relationship between observed 
mold and dampness in a school building and students’ subjective IAQ. To answer 
this research question, we tested a multilevel path model. The analyzed data were 
created by merging two nationwide data sets: (a) survey data from students, includ-
ing information on subjective IAQ (N = 24,786 students); (b) data from schools, in-
cluding information on mold and dampness in a school building (N = 222). After the 
background variables were adjusted, schools’ observed mold and dampness were 
directly and significantly related to poor subjective IAQ (standardized beta (β)= 0.22, 
P = .002). In addition, in schools with mold and dampness, students reported sig-
nificantly more symptoms (β = 0.22, P = .023) than in schools without; the higher 
the prevalence of symptoms at school level, the worse the students’ subjective IAQ 
(β = 0.60, P < .001). This indirect path was significant (P = .023). In total, schools’ 
observed mold and dampness and student-reported symptoms explained 52% of the 
between-school variance in subjective IAQ.
K E Y W O R D S
dampness, indoor air quality, indoor environmental problems, multilevel analysis, school, 
symptoms
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Previous research has analyzed whether students’ subjective evalu-
ation of indoor environmental quality reflects the objective knowl-
edge received from inspections and measurements conducted in 
school buildings. The results have been somewhat varied. Some 
studies have not been able to demonstrate a relationship, whereas 
others have shown that students can relatively accurately evaluate 
the indoor air environmental quality of their schools.12-17 These in-
consistencies point to an urgent need to understand more deeply 
which factors affect students’ evaluations.
It is likely that there are individual differences in how much at-
tention students pay to their school's indoor environmental qual-
ity. It is well known that learning and individual characteristics play 
important roles in how people process sensory stimuli.18-21 For ex-
ample, people who have long-term everyday experience of various 
odors have greater odor awareness and better ability to identify 
odors than those who do not have such experience.22,23 Female 
and older children might be more sensitive to odor than males and 
younger children, although these findings have not been entirely 
consistent.24,25
In addition to cognition, emotions also affect sensory percep-
tion.26 People are surrounded by numerous sensory stimuli compet-
ing for their awareness and cognitive resources. Among these stimuli, 
people tend to be more aware of those that are emotionally mean-
ingful than of those that are neutral.27 Especially negative emotions, 
such as feelings of threat and fear, have a strong impact on how peo-
ple process sensory information.28,29 For example, people who have 
experienced symptoms from poor indoor air might be more aware 
of indoor air quality than others, who might only notice it when it is 
brought to their attention by someone else.30,31 However, what is 
considered a threat is often the outcome of a social process. People 
use information acquired from others’ reactions to infer whether a 
stimulus should be categorized as potentially threatful, and whether 
they should pay attention to it.32,33 In the context of schools’ indoor 
environments, this means that students may process many kinds of 
information when they assess indoor environmental quality.
1.1 | The present study
This paper has two aims. Our first aim is to analyze whether schools’ 
observed mold and dampness and students’ perception of indoor air 
quality (subjective IAQ) are related to each other, using a large repre-
sentative sample of students from more than 200 lower-secondary 
schools in Finland. Moisture damage is relatively common in schools. 
For example, it has been estimated that 20% of schools in the 
Netherlands, 24% in Finland, and 41% in Spain have moisture prob-
lems.34 To the best of our knowledge, only one previous study has 
specifically focused on the relationship between schools’ observed 
mold and dampness and students’ subjective IAQ, showing no sig-
nificant association between mold and dampness in school buildings 
and a change in subjective IAQ in a two-year follow-up study.14
Our second aim is to test whether this relationship is partly me-
diated by the frequency of symptoms that students report at school 
level. Previous research has shown that students have more symp-
toms in schools with moisture damage than in schools without such 
problems.35-37 In addition, based on the literature cited above, we 
suggest that the overall frequency of symptoms reported across 
students in a school may relate to students’ subjective IAQ. We 
have not found any previous studies that test whether symptoms 
reported at school level mediate the relationship between a school's 
indoor air problems and students’ subjective IAQ. Our conceptual 
model is visualized in Figure 1.
2  | MATERIAL AND METHODS
2.1 | Data and participants
The student-level data were obtained from the 2017 round of the 
School Health Promotion Study (SHP), a nationwide classroom sur-
vey. We focus on the eighth and ninth grades (ages 14-16 years). 
SHP has monitored the health and well-being of Finnish adoles-
cents since 1996. It is conducted by the Finnish Institute for Health 
and Welfare (THL) with approval from the THL’s ethical committee 
(THL/1704/6.02.0 1/2016). The data are gathered as part of the 
normal school day, and the students’ parents and guardians are in-
formed of the study. The students are informed of the aims and con-
tents of the survey, and they have an opportunity to decline. Signed 
consent forms are not needed, since the survey is conducted anony-
mously. In 2017, the data were collected in April through a classroom 
Practical implications
Information on IAQ problems experienced by a building's 
users often helps with the solution of potential IAQ prob-
lems. However, authorities should be aware that students’ 
evaluation of IAQ is a complex process, and indoor mold 
and dampness may affect subjective IAQ not only directly 
but also via the prevalence of symptoms reported in a 
school.








and dampness in 
a school building
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survey during school lessons, and 84% of lower-secondary schools 
in Finland participated.
The school-level data were obtained from the Benchmarking 
System of Health Promotion Capacity Building's (BSHPCB) data 
collection in comprehensive schools in 2017. The BSHPCB is a na-
tionwide benchmarking tool for local governments and schools to 
manage, plan, and evaluate their own health promotion activities 
and resources in basic education. The data collection form is filled 
in by the school's principal together with a student welfare team. 
The BSHPCB is run by the THL and the Finnish National Agency 
for Education. The data were collected between October and 
December 2017, and 91% of lower-secondary schools in Finland 
participated.
We included schools in the analyses on the basis of two variables 
from the BSHPCB. The first variable measured when the most recent 
inspection of the health and safety of the school environment and 
the well-being of the school community had been carried out. This in-
spection is required by Healthcare Act 1326/2010, which states that 
all schools in Finland must be checked every three years. This triennial 
official inspection is conducted in cooperation with the school's health 
service, representatives of the school (eg, the principal), representa-
tives of the health authority, occupational healthcare, and occupational 
health and safety, and authorities responsible for the construction and 
maintenance of school buildings. The inspection is large-scale, and it 
should include all the possible factors (not only building-related) that 
might influence the well-being of the school community.38 We have 
described the inspection focusing on building- related factors in detail 
elsewhere.39 For our analysis, we selected only schools where an in-
spection had been carried out in 2016 or 2017.
The second variable measured whether mold and dampness had 
been observed in the school. We included in our analysis schools 
where 1) mold and dampness had been identified during the check 
and the problems had not been remediated or 2) no mold and damp-
ness had been identified during the check. Schools with fewer than 
10 students were excluded from the analysis (N = 51), as were those 
dedicated exclusively to children with special educational needs, 
such as children with severe learning difficulties (N = 89). We also 
excluded respondents who did not report their age, or who reported 
their age to be less than 14 (N = 340), as well as those who did not 
report their subjective IAQ (N = 315). The final data set consisted 
of 24,786 students from 222 schools. About 30% of these students 
were from schools with observed dampness and mold (7,312 stu-
dents from 60 schools).
2.2 | Measures
2.2.1 | Outcome variable
Our outcome measure was subjective IAQ. This was measured by two 
items: “Have any of the following things bothered you at your school 
during this school year? a) Stuffy air (bad indoor air), b) unpleasant 
odor.” These items were measured on a three-point scale (1 = not 
at all, 2 = somewhat, 3 = a lot). A mean rating of the items was cal-
culated. If the respondent had not answered both items, the score 
was not calculated (Cronbach's alpha = 0.71). The data source was 
the SHP.
2.2.2 | Mediator
Reported symptoms were measured by four items: “In the last six 
months, have you experienced any of the following symptoms, and 
how often?: a) Blocked or runny nose, b) Dry or sore throat, c) Cough, 
d) Dry or watery eyes.” These items were measured on a four-point 
scale (1 = seldom or never, 2 = approximately once a month, 3 = ap-
proximately once a week, 4 = almost daily). A mean rating of the 
items was calculated. If the respondent had not answered all items, 
the score was not calculated (Cronbach's alpha = 0.79). The data 
source was the SHP. These symptoms have been shown in many 
studies to be related to poor IAQ.40,41
2.2.3 | A building-related predictor
Observed dampness and mold were measured by the following item: 
“Were the following issues evaluated in the most recent inspection 
of the health and safety of the school environment? Problems with 
dampness and mold.” The response options were: no data avail-
able; not included in the inspection; inspected, no deficiencies 
detected; inspected, deficiencies detected but not yet corrected; 
inspected, deficiencies detected and corrected. In this study, we 
focus only on the third and fourth options, and they were recoded 
as follows: 0 = inspected, no deficiencies detected; 1 = inspected, 
deficiencies detected but not yet corrected. The data source was 
the BSHPCB.
2.2.4 | Background variables
Gender, age, father's level of education, and student-perceived 
teacher-student relationships were used as both student-level and 
school-level background variables. Father's level of education 
was used as an indicator of a student's socioeconomic status. 
The response options for father's education were: 1 = comprehen-
sive school or equivalent (ie, primary level); 2 = upper-secondary 
school, high school, or vocational education institution (ie, sec-
ondary level); 3 = occupational studies in addition to upper-sec-
ondary school, high school, or vocational education institution (ie, 
secondary level and occupational studies); 4 = university, univer-
sity of applied sciences, or other higher education institution (ie, 
tertiary level). The perceived quality of teacher-student relationships 
was measured by three items: “teachers encourage me to express 
my opinion in class”; “teachers are interested in how I am doing;” 
“teachers treat us (students) fairly.” The response scale was 
1 = fully agree, 2 = agree, 3 = disagree, 4 = fully disagree. A mean 
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rating of the items was calculated. Only if the respondent had an-
swered all three items was the score calculated. Previous research 
has shown that the teacher-student relationship is related to sub-
jective IAQ.17,42 These items have also been used in many previous 
studies as indicators of teacher-student relationships.42,43 The re-
liability was reasonable (Cronbach's alpha = 0.75). All these back-
ground variables were reported by the SHP.
The school size (ie, number of students) reported in the BSHPCB 
was used only as a school-level background variable.
2.3 | Statistical analyses
The mediation analysis was conducted by analyzing a two-level lin-
ear regression path model.44 The model was built and then analyzed 
using Mplus statistical software version 8.0. Given that the data 
were hierarchical (schoolchildren nested within schools), multilevel 
analysis was required.45 A full information maximum likelihood esti-
mation (FIML) with robust standard errors (MLR estimator in Mplus) 
was used as an estimation method. MLR is robust to moderate viola-
tions of assumptions such as non-normality.46
First, we analyzed a null model in which only the outcome vari-
able was inserted into the model, without any predictors. The null 
model was used to estimate the variance between student and school 
levels and the intraclass correlation (ICC).45 The ICC reported the 
proportion of variance that belonged to the school level. In addition, 
we tested whether other variables had significant variations at the 
school level, and we calculated their ICCs. Then we calculated the 
design effect of each variable. The design effect is a commonly used 
measure to estimate whether multilevel modeling is needed. When a 
researcher is interested in estimating the effects of group-level pre-
dictors, multilevel modeling is needed if the design effect is greater 
than 1.1.47 The design effect is estimated as a function of the ICC and 
average cluster size.48
Second, the total effect between observed mold and dampness 
and subjective IAQ was estimated by a random intercept model49 
(see path c in Figure 2). First, we tested the unadjusted model (step 
1). Then we adjusted the model with background variables in order 
to analyze the total effect of the final model (step 2), and finally we 
analyzed how the insertion of the mediator influenced this model 
(step 3). We used reported symptoms, the student-perceived quality 
of teacher-student relationships, father's education, age, and gender 
as both student-level and school-level covariates. This means that 
each of these covariates was decomposed into two latent uncor-
related components by Mplus. The first component represented the 
deviation of students’ answers from their school mean (ie, student 
level). The second component represented the school mean (eg, the 
cluster mean of reported symptoms), and it reflected the deviation 
of each school mean from the grand mean (ie, school level).44,50 
School size and observed mold and dampness were included only 
at school level. All continuous predictors and background variables 
were centered by their grand means.
Finally, we estimated the direct and indirect effects. The indi-
rect effect is the product of path a multiplied by path b, whereas 
the direct effect (c’) is the path between the predictor (ie, observed 
mold and dampness) and the outcome variable (ie, subjective IAQ) 
when the mediator (reported symptoms) is controlled for (see 
Figure 3). In our model, the independent variable and the mediator 
were at school level, and the outcome variable was at student level 
(a so-called 2-2-1 design).51 If even one variable in the multilevel 
mediation model was a school-level variable, the indirect effect 
would exist only at the school level.52 In the analysis, we followed 
a syntax based on articles by Preacher, Zyphur and Zhang52 and 
Preacher, Zhang and Zyphur,53 which are available online at http://
quant psy.org/medn.htm (accessed March 27, 2020). In addition, we 
counted the Monte Carlo confidence intervals (CI) to assess the 
significance of the indirect effects. These intervals accurately re-
flect the asymmetric nature of the sampling distribution of an in-
direct effect.53 This analysis has been shown to be superior to the 
Sobel test.54 We used the same background variables as when we 
estimated the total effect.
Both unstandardized and standardized estimates are re-
ported. The unstandardized estimates are scaled so that if the 
predictor increases by one standard deviation, then the outcome 
variable increases by the standardized estimate. Standardization 
helps us to compare the effects of the estimates. R2 was used 
as an indicator of explained variance. Mplus makes it possible to 
count separate R2 for student and school levels.55 Finally, when 
necessary, we report the effect size. The effect size is calculated 
as the unstandardized beta divided by the standard deviation of 
the outcome variable at the school level. This index is equivalent 
to Cohen's d.56 Note that in one school the reported symptoms’ 
z-score was >4. We analyzed its role by using Winsorization.57 
This allowed us to test how the potential outliers affected the 
results without reducing the sample size by transforming the ex-
treme values of the distribution closer to the mean. The results 
remained almost the same and significant, so we decided to keep 
the data as it was.
F I G U R E  2   Statistical model of total effect between observed 
mold and dampness and subjective IAQ. The solid black circle 
corresponds to random intercept. The small arrows correspond to 
residual variance. Observed (measured) variables are represented 
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2.4 | Missing values
The numbers of missing values varied between the variables. Age, 
subjective IAQ, and observed mold and dampness had the lowest 
percentages of missing values (0%), and socioeconomic status had 
the highest (12%). Values were assumed to be missing at random. 58 
In such cases FIML is a recommended method for handling missing 
data, because it uses all the available data for estimation and pro-
duces unbiased parameter estimators.59
3  | RESULTS
The descriptive statistics for the mediator, outcome, and background 
variables by observed mold and dampness context are reported in 
Table 1. Students reported significantly worse subjective IAQ and more 
symptoms in schools with observed mold and dampness than in schools 
without such problems. In addition, there was a small significant dif-
ference in the distribution of gender and age between these different 
schools. No other differences in background variables were detected.
F I G U R E  3   The statistical model of 
direct and indirect effects between 
observed mold and dampness and 
subjective IAQ. The solid black circle 
corresponds to random intercept. The 
small arrows correspond to residual 
variance. Observed (measured) variables 
are represented by square boxes, and 













TA B L E  1   Descriptive statistics for background variables, predictors, and outcome variable by indoor environment context
Schools without dampness and mold
(N = 162)
Schools with dampness and mold
(N = 60)
P-valueMean or % (SD) Min. – max. N Mean or % (SD) Min. – max. N
Subjective IAQ 1.83 (0.62) 1-3 17 474 1.95 (0.62) 1-3 7312 <.001
Reported symptoms 1.65 (0.66) 1-4 17 026 1.68 (0.65) 1-4 7127 .002
Gender (female %) 51 8880 53 3850 .010
Age (years) 14.86 (0.72) 14-18 17 474 14.84 (0.72) 14-18 7312 .016
Father's education
Primary level 9 1386 9 604 .272
Secondary level 34 5158 32 2108
Secondary level and additional 
education
22 3419 22 1437
Tertiary level 35 5387 36 2354
Teacher-student relationship 2.27 (0.61) 1-4 17 105 2.28 (0.61) 1-4 7162 .375
School size (students per school) 398.41 (222.15) 62-1032 162 425.37 (206.78) 28-1013 60 .414
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First, the null models were analyzed.45 There was a statisti-
cally significant variability in subjective IAQ within (σ2W = 0.347, 
P < .001) and between schools (σ2B = 0.045, P < .001). The ICC 
was 0.116, which means that 12% of the variability occurred be-
tween schools. The design effect was 13.8. This indicates that the 
sampling variance of the mean was almost 14 times larger than 
if the student sample was drawn using simple random sampling. 
47 In addition, there was a statistically significant variability in 
reported symptoms within (σ2W = 0.428, P < .001) and between 
schools (σ2B = 0.005, P = .001). Although the ICC was very small 
at 0.012 (ie, 1.2%), the design effect was 2.3, which means that 
the sampling variance of the mean was more than two times larger 
than if the student sample was drawn using simple random sam-
pling.47 The design effect of the background variables used at both 
student and school levels varied between 1.4 (gender) and 12.0 
(father's education).
Table 2 reports the student-level and school-level correlations be-
tween predictors and outcome variables. All the correlations were 
significant. In order to visualize the high correlation between school-
level reported symptoms and subjective IAQ, we present the rela-
tionship in Figure 4.
Next, a step-by-step random intercept model was analyzed in order 
to test the total effect between observed mold and dampness and 
subjective IAQ (see path c in Figure 2). In both the unadjusted model 
(step 1, Table 3) and the model adjusted by background variables (step 
2, Table 3), the total effects between observed mold and dampness and 
subjective IAQ were significant (step 1: unstandardized beta = 0.173, 
P < .001; step 2: unstandardized beta = 0.166, P < .001). In the adjusted 
model, students reported 0.17 units worse subjective IAQ in schools 
with observed dampness and mold than in schools without. The effect 
size was 0.8, indicating a large effect.56 The unadjusted model in step 
1 explained 13% and the adjusted model in step 2 explained 24% of 
the between-school variance. However, after the reported symptoms 
were inserted into the model in step 3, the relationship between ob-
served mold and dampness and subjective IAQ weakened, although it 
remained significant (unstandardized beta = 0.104, P = .002). The ad-
justed relationship between reported symptoms and subjective IAQ is 
presented in Figure 5. The finding suggests a mediational model. This 
model explained 52% of the between-school variance.
Finally, we tested our mediational model (see Figure 3). There 
was a significant direct path (path c’ in Figure 3): students reported 
worse IAQ in schools with dampness and mold than in schools with-
out such problems (unstandardized beta = 0.104, P = .002, 95% 
CI = 0.039-0.169). In addition, there was a significant indirect path 
TA B L E  2   Pairwise correlation coefficients between main 
variables at student and school levels—correlations estimated using 
FIML with robust standard errors
Student level
(N = 24 786)
School level
(N = 222)
1 2 1 2





— 1 0.20* 1
3. Subjective IAQ — 0.26*** 0.36*** 0.67***
*P < .05. 
**P < .01. 
***P < .001. 
F I G U R E  4   The relationship between 
school-level reported symptoms and 
school-level subjective IAQ (N = 222 
schools)
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via reported symptoms (unstandardized beta = 0.062, P = .024, 
Monte Carlo 95% CI = 0.008-0.119). In schools with observed mold 
and dampness, students reported symptoms significantly more often 
than in schools without such problems (path a in Figure 3; unstan-
dardized beta = 0.036, P = .023, 95% CI = 0.005-0.068). In addition, 
the higher the prevalence of symptoms at school level, the worse 
the students’ subjective IAQ (path b in Figure 3; unstandardized 
beta = 1.716, P < .001, 95% CI = 1.031-2.400). This path explained 
14% of the total effect of observed mold and dampness on subjec-
tive IAQ. In total, the model explained 52% of the between-school 
variance. The standardized regression coefficients are reported in 
Figure 6.
The model where no background variables were in-
serted showed a similar pattern (direct effect unstandardized 
beta = 0.106, P < .001, 95% CI = 0.050-0.162; indirect effect un-
standardized beta = 0.067, P = .016, Monte Carlo 95% CI = 0.009-
0.121). The model explained 50% of the school-level variance in 
subjective IAQ.
4  | DISCUSSION
We found that observed mold and dampness were related to stu-
dents’ subjective IAQ. This finding supported the research that has 
TA B L E  3   Parameter estimates for subjective indoor air quality as a function of individual-level and school-level variables (N = 24 786 
students, N = 222 schools)



















Intercept 1.80 1.27 1.52
Student-level variables
Reported symptomsa  0.19*** 0.21*** 0.18-0.20
Genderb  0.13*** 0.11*** 0.11-0.15 0.12*** 0.10*** 0.11-0.14
Agec  0.02*** 0.03*** 0.01-0.04 0.02** 0.02** 0.01-0.03
Father's educationd  0.00 0.00 −0.01-0.01 0.00 0.00 −0.01-0.01
Teacher-student 
relationshipe 
0.28*** 0.29*** 0.27-0.30 0.24*** 0.24*** 0.23-0.26
R2  0.10 0.14
School-level variables
Observed mold and 
dampnessf 
0.17*** 0.36*** 0.11- 0.23 0.17*** 0.35*** 0.10-0.23 0.10** 0.22** 0.04-0.17
Reported symptomsa  1.72*** 0.60*** 1.03-2.40
Genderb  0.36 0.06 −1.93-2.64 0.21 0.03 −1.38-1.79
Agec  0.12 0.07 −0.21-0.45 -0.09 -0.05 −0.42-0.24
Father's educationd  0.11 0.18 −0.03-0.26 0.04 0.07 −0.08-0.17
Teacher-student 
relationshipe 
0.52*** 0.29*** 0.23-0.81 0.13 0.07 −0.20-0.46
School sizeg  0.00 0.00 −0.15-0.16 -0.05 -0.05 −0.19-0.09







aScale 1-4, higher value indicates more frequently problems. 
b1 = male; 2 = female. 
cYears. 
dScale 1-4, higher value indicates higher education. 
eScale 1-4, higher value indicates more problems. 
f0 = no IA problems, 1 = IA problems. 
gNumber of students. The original values are divided by 1000. 
*P < .05. 
**P < .01. 
***P < .001. 
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previously demonstrated that students’ IAQ evaluations reflect IAQ 
evaluations derived from measurements and inspections.15,17
Our study further contributed this line of research by showing 
that the relationship between observed mold and dampness and 
students’ subjective IAQ was partly mediated by the frequency of 
symptoms reported across students in a school: a) students reported 
more symptoms in schools with mold and dampness than without; 
b) the frequency of symptoms reported across students was re-
lated to their subjective IAQ; c) this indirect path was significant. 
Our results provided the first evidence that mold and dampness in a 
school building can influence subjective assessments of IAQ not only 
directly, but also via the students’ overall frequency of symptoms: 
the relationship between school-level reported symptoms and sub-
jective IAQ was high. Altogether, reported symptoms and observed 
mold and dampness explained half of the school-level variance, 
which is a high percentage in a school survey.
This finding can be explained in many ways. As briefly reviewed in 
introduction, there is large individual variation in how aware people 
are of sensory stimuli and how sensitively they monitor them.20,26 
For example, while some people are highly aware of odors, others 
may only notice an odor after it has been brought to their attention 
by someone else.18,24 It is thus possible that in schools where stu-
dents have a lot of symptoms, other students who normally would 
not pay attention to the school's indoor environment (and would 
evaluate it as neutral if asked) might also become more aware of 
its quality. Another explanation might be that students use others’ 
symptoms as an indicator of their school's IAQ. That is, they partly 
infer the quality of indoor air from others’ symptoms. It is well known 
F I G U R E  5   Students' subjective IAQ by 
student-level and school-level reported 
symptoms (see Table 3, step 3; student 












Reported symptoms at student level between -1 and 1 standard 
deviation
F I G U R E  6   Standardized regression 
coefficients of the direct and indirect 
effects of the final model. The solid black 
circle corresponds to random intercept. 
The small arrows correspond to residual 
variance. Observed (measured) variables 
are represented by square boxes, and 
latent (unmeasured) variables by ellipses. 
N = 222. * P < .05, ** P < .01, *** P < .001
Subjective 
IAQ







symptomsstand beta = 0.22*
stand beta = 0.60***
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that social factors affect how people interpret sensory stimuli32 and 
people can infer the quality of indoor air from one's own symptoms. 
60 This does not necessarily mean that their evaluations are wrong. 
It only indicates that they use different sources of information when 
making those evaluations.
Finally, this study demonstrated that subjective IAQ was sig-
nificantly related to gender, teacher-student relationships, and stu-
dents’ age. As in the previous study by Finell and colleagues on a 
large Finnish student population, girls reported worse subjective 
IAQ at the student level than boys.17 Similar findings have been re-
ported among the adult population, although the findings have not 
been wholly consistent.61,62 A large volume of literature has shown 
that women's olfactory ability is more sensitive than men's.21 It is 
probable that women are also more likely to express their dissatis-
faction with IAQ than men.61 Furthermore, we replicated the finding 
that student-reported teacher-student relationships are related to 
subjective IAQ at both student and school levels.17 However, this 
significant association disappeared at the school level when re-
ported symptoms were included in the model. This is an interesting 
finding, and it suggests that there might be a complicated relation-
ship between indoor environmental problems, reported symptoms, 
subjective IAQ, and teacher-student relationships. Although it is well 
known that psychosocial factors are related to IAQ perception, there 
is also evidence that indoor environmental problems may create psy-
chosocial problems.63,64 For example, previous research has shown 
that student-perceived student-teacher relationships are worse in 
schools with indoor environmental problems than in schools with-
out such problems.39 Therefore, it is likely that this relationship is 
bidirectional.
From the practical point of view, these results are especially im-
portant for authorities that utilize questionnaires to collect infor-
mation about subjective IAQ in schools. Information about the IAQ 
problems experienced by a building's users often helps with the 
solution of potential IAQ problems. However, the assessment of the 
indoor air exposures in a building needs to be mainly based on other, 
more objective measurements. In addition, results regarding subjec-
tive IAQ should always be compared with suitable reference material, 
and if possible, schools should be tracked across time. If many schools 
are assessed at the same time, the hierarchical structure of the data 
needs to be taken into account in the analysis, for example by using 
multilevel methods. If the hierarchical structure of the data is not 
taken into account, there is a risk of spurious significant findings.45
The strengths of our study include the large and representative 
sample, which allows us to use sophisticated analytical methods: if 
one variable in a multilevel mediation model is a school-level vari-
able, the indirect effect is tested at the school level. This requires a 
relatively large school-level sample. Our study also has limitations. 
The mediational model is inherently a process model, but both our 
mediator and outcome variables were derived from cross-sectional 
student data. Hence, our reasoning is strongly based on previous 
research and theories that support our model. Our findings can 
thus be considered preliminary, and longitudinal data are needed to 
confirm the findings. Another limitation is that our building-related 
information is based on principals’ reports of inspection results, we 
have only two relatively imprecise items measuring IAQ (stuffy air, 
unpleasant odor) and we do not have direct physical measurements.
To conclude, our analysis shows that using survey questionnaires 
to students about schools’ IAQ might be a cost-effective way to eval-
uate the quality of school buildings’ indoor air, in tandem with other 
measurements. However, authorities should be aware that students’ 
evaluation of IAQ is a complex process, and students may use many 
sources of information when making such evaluations. If surveys on 
schools’ IAQ are used, the possibility of an indirect effect needs to 
be considered.
ACKNOWLEDG MENT
The analysis for and preparation of this manuscript was funded by 
the Academy of Finland (323125).
CONFLIC T OF INTERE S T
There is no conflict of interest.
AUTHOR CONTRIBUTION
Eerika Finell: Conceptualization (lead); Formal analysis (lead); 
Funding acquisition (lead); Methodology (equal); Visualization (lead); 
Writing-original draft (lead). Asko Tolvanen: Formal analysis (sup-
porting); Methodology (equal); Writing-original draft (supporting). 
Riikka Ikonen: Investigation (lead); Writing-original draft (support-
ing). Juha Pekkanen: Writing-original draft (supporting). Timo Ståhl: 
Investigation (lead); Writing-original draft (supporting).
ORCID
Eerika Finell  https://orcid.org/0000-0002-9605-610X 
Asko Tolvanen  https://orcid.org/0000-0001-6430-8897 
Riikka Ikonen  https://orcid.org/0000-0003-1526-3463 
Juha Pekkanen  https://orcid.org/0000-0002-1083-8777 
Timo Ståhl  https://orcid.org/0000-0002-6677-4792 
R E FE R E N C E S
 1. Carrer P, Bruinen de Bruin Y, Franchi M, Valovirta E. The EFA 
Project: Indoor air quality in European schools. https://www.isiaq.
org/docs/paper s/2D2o2.pdf. Accessed April 2020.
 2. Camacho-Montano SC, Wagner A, Erhorn-Kluttig H, Mumovic D, 
Summerfield A. Clearing the air on EU guidance projects for school 
buildings. Build Res Inf. 2019;47:625-634.
 3. Csobod E, Annesi-Maesano I, Carrer P, et al. Sinphonie. Schools 
Indoor Pollution and Health. Observatory Network in Europe. Final 
Report. Luxembourg: European Union; 2014. https://ec.europa.
eu/jrc/en/publi catio n/eur-scien tific -and-techn ical-resea rch-re-
por ts/sinph onie-schoo ls-indoo r-pollu tion-and-healt h-obser vator 
y-netwo rk-europ e-final -report. Accessed June 2020.
 4. Magzamen S, Mayer AP, Schaeffer JW, Reynolds SJ. Advancing a 
multidisciplinary research framework on school environment, oc-
cupant health, and performance. Indoor Air. 2015;25:457-461.
 5. WHO. School environment: Policies and current status. Copenhagen: 
WHO Regional Office for Europe; 2015. https://www.euro.who.
int/en/healt h-topic s/envir onmen t-and-healt h/air-quali ty/publi 
catio ns/2015/the-schoo l-envir onmen t-polic ies-and-curre nt-sta-
tus. Accessed June 2020.
10  |     FINELL Et aL.
 6. Kanchongkittiphon W, Mendell MJ, Gaffin JM, Wang G, 
Phipatanakul W. Indoor environmental exposures and exacerba-
tion of asthma: an update to the 2000 review by the Institute of 
Medicine. Environ Health Perspec. 2015;123:6-20.
 7. Hauptman M, Phipatanakul W. The school environment and asthma 
in childhood. Asthma Res Pract. 2015;1:12.
 8. Quansah R, Jaakkola MS, Hugg TT, Heikkinen SAM, Jaakkola JJK. 
Residential dampness and molds and the risk of developing asthma: 
a systematic review and meta-analysis. PLoS One. 2012;7:e47526.
 9. Sharpe RA, Bearman N, Thornton CR, Husk K, Osborne NJ. Indoor 
fungal diversity and asthma: a meta-analysis and systematic review 
of risk factors. J Allergy Clin Immun. 2015;135:110-122.
 10. Annesi-Maesano I, Hulin M, Lavaud F, et al. Poor air quality in class-
rooms related to asthma and rhinitis in primary schoolchildren of 
the French 6 Cities Study. Thorax. 2012;67:682-688.
 11. Järvi K, Vornanen-Winqvist C, Mikkola R, Kurnitski J, Salonen H. 
Online questionnaire as a tool to assess symptoms and perceived 
indoor air quality in a school environment. Atmosphere. 2018;9:270.
 12. Alfano F, Iannielo E. Objective and subjective assessment of indoor 
air quality in school environments. Conference paper. Copenhagen: 
Indoor Air; 2008.
 13. Dias Pereira L, Raimondo D, Corgnati SP, Gameiro da Silva M. 
Assessment of indoor air quality and thermal comfort in Portuguese 
secondary classrooms: methodology and results. Build Environ. 
2014;81:69-80.
 14. Wang J, Smedje G, Nordquist T, Norbäck D. Personal and demo-
graphic factors and change of subjective indoor air quality reported 
by school children in relation to exposure at Swedish schools: a 
2-year longitudinal study. Sci Total Environ. 2015;508:288-296.
 15. Mečiarová Ľ, Vilčeková S, Burdová EK, Kapalo P, Mihaľová N. The 
real and subjective indoor environmental quality in schools. Int J 
Environ Heal R. 2018;28:102-123.
 16. De Giuli V, Da Pos O, De Carli M. Indoor environmental qual-
ity and pupil perception in Italian primary schools. Build Environ. 
2012;56:335-345.
 17. Finell E, Haverinen-Shaughnessy U, Tolvanen A, et al. The associa-
tions of indoor environment and psychosocial factors on subjective 
evaluation of indoor air quality among lower secondary school stu-
dents: a multilevel analysis. Indoor Air. 2017;27:329-337.
 18. Ferdenzi C, Coureaud G, Camos V, Schaal B. Human awareness 
and uses of odor cues in everyday life: results from a questionnaire 
study in children. Int J Behav Dev. 2008;32:422-431.
 19. Witt JK. Action's effect on perception. Curr Dir Psychol Sci. 
2011;20:201-206.
 20. Goldstone RL, Byrge LA. Perceptual Learning. In: Matthen M, ed. 
The Oxford Handbook of Philosophy of Perception. Oxford: Oxford 
University Press; 2015:1001-1016.
 21. Sorokowski P, Karwowski M, Misiak M, et al. Sex differences in 
human olfaction: a meta-analysis. Front Psychol. 2019;10.
 22. Nováková L, Varella Valentova J, Havlíček J. Engagement in olfac-
tion-related activities is associated with the ability of odor identifi-
cation and odor awareness. Chemosens Percept. 2014;7:56-67.
 23. Nováková LM, Fialová J, Havlíček J. Effects of diversity in olfactory 
environment on children's sense of smell. Sci Rep. 2018;8:2937.
 24. Demattè ML, Endrizzi I, Biasioli F, Corollaro ML, Zampini M, 
Gasperi F. Individual variability in the awareness of odors: demo-
graphic parameters and odor identification ability. Chem Percep. 
2011;4:175-185.
 25. Nováková LM, Havlíček J. Development of odour aware-
ness in pre-schoolers: a longitudinal study. Physiol Behav. 
2019;204:224-233.
 26. Domínguez-Borràs J, Vuilleumier P. Affective biases in attention 
and perception. In: Armony J, Vuilleumier P, eds. The Cambridge 
Handbook of Human Affective Neuroscience. Cambridge: Cambridge 
University Press; 2013:331-356.
 27. Pourtois G, Schettino A, Vuilleumier P. Brain mechanisms for emo-
tional influences on perception and attention: what is magic and 
what is not. Biol Psychol. 2013;92:492-512.
 28. Gerritsen C, Frischen A, Blake A, Smilek D, Eastwood JD. 
Visual search is not blind to emotion. Percept Psychophys. 
2008;70:1047-1059.
 29. Parma V, Ferraro S, Miller SS, Åhs F, Lundström JN. Enhancement of 
odor sensitivity following repeated odor and visual fear condition-
ing. Chem senses. 2015;40:497-506.
 30. Kim J, Jang M, Choi K, Kim K. Perception of indoor air quality 
(IAQ) by workers in underground shopping centers in relation to 
sick-building syndrome (SBS) and store type: a cross-sectional 
study in Korea. BMC Public Health. 2019;19:632.
 31. Lundin L. Allergic and non-allergic students' perception of the same 
high school environment. Indoor Air. 1999;9:92-102.
 32. Haslam C, Jetten J, Cruwys T, Dingle GA, Haslam SA. The New 
Psychology of Health: Unlocking the Social Cure. New York: Routledge; 
2018.
 33. Haslam SA, Jetten J, O'Brien A, Jacobs E. Social identity, social in-
fluence and reactions to potentially stressful tasks: Support for the 
self-categorization model of stress. Stress Health. 2004;20:3-9.
 34. Haverinen-Shaughnessy U, Borras-Santos A, Turunen M, et al. 
Occurrence of moisture problems in schools in three countries 
from different climatic regions of Europe based on question-
naires and building inspections – the HITEA study. Indoor Air. 
2012;22:457-466.
 35. Borràs-Santos A, Jacobs JH, Täubel M, et al. Dampness and mould 
in schools and respiratory symptoms in children: The HITEA study. 
Occup Environ Med. 2013;70:681-687.
 36. Meklin T, Potus T, Pekkanen J, Hyvarinen A, Hirvonen M-R, 
Nevalainen A. Effects of moisture-damage repairs on micro-
bial exposure and symptoms in schoolchildren. Indoor Air. 
2005;15:40-47.
 37. Fisk WJ, Chan WR, Johnson AL. Does dampness and mold in 
schools affect health? Results of a meta-analysis. Indoor Air. 
2019;29:895-902.
 38. Hietanen-Peltola M, Korpilahti U, editors. Terveellinen, Turvallinen 
ja Hyvinvoiva Oppilaitos: Opas Ympäristön ja Yhteisön Monialaiseen 
Tarkastamiseen [A Healthy, Safe, and Well School: A Guide to the 
Multidisciplinary Inspection of the Environment and the Community]. 
THL: Helsinki;2015. http://urn.fi/URN:ISBN:978-952-302-505-9. 
Accessed August 2020.
 39. Finell E, Tolvanen A, Haverinen-Shaughnessy U, et al. Indoor 
air problems and the perceived social climate in schools: 
a multilevel structural equation analysis. Sci Total Environ. 
2018;624:1504-1512.
 40. Fisk WJ, Eliseeva EA, Mendell MJ. Association of residential damp-
ness and mold with respiratory tract infections and bronchitis: a 
meta-analysis. Environ Health. 2010;9:72.
 41. Savelieva K, Marttila T, Lampi J, Ung-Lanki S, Elovainio M, Pekkanen 
J. Associations between indoor environmental quality in schools 
and symptom reporting in pupil-administered questionnaires. 
Environ Health. 2019;18:115.
 42. Finell E, Tolvanen A, Pekkanen J, Minkkinen J, Ståhl T, Rimpelä 
A. Psychosocial problems, indoor air-related symptoms, and per-
ceived indoor air quality among students in schools without in-
door air problems: a longitudinal study. Int J Environ Res Pub He. 
2018;15:1497.
 43. Karvonen S, Vikat A, Rimpelä M. The role of school context in the 
increase in young people's health complaints in Finland. J Adolesc. 
2005;28:1-16.
 44. Muthén LK, Muthén BO. Mplus User’s Guide, 7th edn. Los Angeles: 
Muthén & Muthén; 1998.
 45. Hox JJ. Multilevel Analysis: Techniques and Applications, 2nd edn. 
New York: Routledge; 2010.
     |  11FINELL Et aL.
 46. Savalei V. Small sample statistics for incomplete nonnormal data: 
Extensions of complete data formulae and a Monte Carlo compari-
son. Struct Equ Model. 2010;17:241-264.
 47. Lai MHC, Kwok O. Examining the rule of thumb of not using multi-
level modeling: the “design effect smaller than two” rule. J Exp Educ. 
2015;83:423-438.
 48. Muthen BO, Satorra A. Complex sample data in structural equation 
modeling. Sociol Methodol. 1995;25:267-316.
 49. Snijders TAB, Bosker RJ. Multilevel Analysis: An Introduction to Basic 
and Advanced Multilevel Modeling, 2nd edn. London: Sage; 2012.
 50. Asparouhov T, Muthén BO. Constructing Covariates in Multilevel 
Regression. Mplus Web Notes 11. 2006. www.statm odel.com.
 51. Krull JL, MacKinnon DP. Multilevel modeling of individual and 
group level mediated effects. Multivar Behav Res. 2001;36:249-277.
 52. Preacher KJ, Zyphur MJ, Zhang Z. A general multilevel SEM 
framework for assessing multilevel mediation. Psychol Methods. 
2010;15:209-233.
 53. Preacher KJ, Zhang Z, Zyphur MJ. Alternative methods for assess-
ing mediation in multilevel data: the advantages of multilevel SEM. 
Struct Equ Modeling. 2011;18:161-182.
 54. Preacher KJ, Selig JP. Advantages of Monte Carlo confidence inter-
vals for indirect effects. Commun Methods and Meas. 2012;6:77-98.
 55. Muthén BO. Mplus Technical Appendices. Los Angeles: Muthén & 
Muthén; 1998.
 56. Cohen J. Statistical power analysis. Curr Dir Psychol Sci. 
1992;1:98-101.
 57. Tukey JW. The future of data analysis. Ann Math Statist. 
1962;33:1-67.
 58. Rubin DB. Inference and missing data. Biometrika. 1976;63:581-592.
 59. Enders C, Bandalos D. The relative performance of full information 
maximum likelihood estimation for missing data in structural equa-
tion models. Struct Equ Modeling. 2001;8:430-457.
 60. Brauer C, Kolstad H, Ørbæk P, Mikkelsen S. The sick building syn-
drome: a chicken and egg situation? Int Arch Occup Environ Health. 
2006;79:465-471.
 61. Kim J, de Dear R, Cândido C, Zhang H, Arens E. Gender differences 
in office occupant perception of indoor environmental quality (IEQ). 
Build Environ. 2013;70:245-256.
 62. Frontczak M, Wargocki P. Literature survey on how different fac-
tors influence human comfort in indoor environments. Build Environ. 
2011;46:922-937.
 63. Lahtinen M, Huuhtanen P, Kähkönen E, Reijula K. Psychosocial di-
mensions of solving an indoor air problem. Indoor Air. 2002;12:33-46.
 64. Finell E, Seppälä T. Indoor air problems and experiences of injustice 
in the workplace: A quantitative and a qualitative study. Indoor Air. 
2018;28:125-134.
How to cite this article: Finell E, Tolvanen A, Ikonen R, 
Pekkanen J, Ståhl T. Students' school-level symptoms 
mediate the relationship between a school's observed 
moisture problems and students’ subjective perceptions of 
indoor air quality. Indoor Air. 2020;00:1–11. https://doi.
org/10.1111/ina.12711
